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ABSTRACT: A study was conducted to evaluate
the effect of sire growth potential, steer age, and cow
size on intake, growth, and production efficiency in
grazing cattle. Data were collected on 24 cow-calf pairs
during each of four summers (1989 to 1992) and on
12, 7-mo-old and 12 yearling steers during three
summers (1990 to 1992). Suckling calves and older
steers were sired by either high- (Charolais with high
EPD for yearling weight) or moderate-growth-poten-
tial (Line 1 Hereford with average yearling weight
ratios) bulls. Cow size was defined by principal
component scores developed from cow weights, condi-
tion scores, and hip heights. Forage, but not milk, OM
intake by suckling calves was influenced ( P < .05) by
sire growth potential. Yearling high-growth-potential
steers tended to consume more OM than yearling
moderate growth potential steers ( P < .10) when

expressed as kilograms/day but not when expressed as
grams/kilogram BW ( P > .10). Seven-month-old steers
ate less ( P < .01) forage (4.3 kg/d) than yearlings
(5.6 kg/d) when expressed as kilograms/day but more
( P < .01) when expressed as grams/kilogram BW (7-
mo-old, 15.9 vs yearling, 14.4 g/kg BW). Cow OM
intake was affected by cow size and milk production
but not calf growth potential. Milk production but not
cow size was a significant covariate for cow efficiency
(grams of calf BW gain/kilogram of forage OM intake
by cow-calf pair). Calf sire growth potential did not
affect cow efficiency. We conclude that growth poten-
tial of sire for suckling calves and steers and cow size
for cows affected intake of rangeland forage in
summer but did not affect efficiency of production from
Northern Great Plains rangelands.
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Introduction

Genetic selection and breed choice are two means
used by the beef cattle industry to alter growth rate in
cattle. The impact that increased growth rate may
have on efficiency of production depends on the growth
stage of the animal and the environment in which
efficiency is measured. Cattle grazing on rangeland
are subjected to a fluctuating environment with

changes in nutrient quantity and quality throughout
the year. This potentially limiting environment may
affect the animal’s ability to express genetic differ-
ences in growth potential and may, in turn, affect
efficiency of production. Efficiency of beef production is
reported to be related to breed (Marshall et al., 1976;
Kress et al., 1990), animal size (Holloway and Butts,
1983; Kress et al., 1990), age (Coleman and Evans,
1986; Goetsch et al., 1991), and milk production
(Neville, 1962; Rutledge et al., 1971; Clutter and
Nielson, 1987). The objective of this study was to
evaluate the impact that cow size, steer sire growth
potential, and steer age have on growth, intake and
production efficiency of cattle grazing northern Great
Plains rangelands during the growing season.

Materials and Methods

A 4-yr study was conducted to evaluate intake and
production of cow-steer calf pairs and fall-born and
yearling steers of two growth potentials grazing native
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and improved pastures throughout the growing season
in eastern Montana. The study was conducted at the
Fort Keogh Livestock and Range Research Laboratory
near Miles City, MT (46° 22′ N, 105° 52′ W). In the
first year, 24 cow-steer calf pairs were used. In
subsequent years, 24 cow-steer calf pairs, 12 yearling
steers, and 12 fall-born steer calves (7-mo-old) were
grazed together from mid-May to late September.
Average birth date of calves was April 3. Beginning in
May, all cattle were grazed in pastures of crested
wheatgrass ( Agropyron cristatum) for 2 wk. They
were then moved to a 68-ha pasture that had been
seeded with russian wildrye ( Psathrostachys juncea)
in 1977. Russian wildrye was approximately 30% of
the herbage DM in 1991 and 1992. A June intake trial
was conducted in this pasture. In July, cattle were
moved to an 80-ha pasture of native range that had
been contour-furrowed with a moldboard plow and
interseeded with ‘Ladak’ alfalfa ( Medicago sativa) .
Cattle grazed in this pasture until August, when they
were moved to native rangeland. September samples
were collected in a 265-ha pasture of native rangeland.
Major forage species, in addition to introduced species
mentioned previously, included western wheatgrass
( Pascopyrum smithii) , needle-and-thread ( Stipa co-
mata) , blue grama ( Bouteloua gracilis) , buffalograss
( Buchloe dactyloides) , threadleaf sedge ( Carex filifo-
lia) , Japanese brome ( Bromus japonicus) , and downy
brome ( Bromus tectorum) .

Steers (suckling calves, 7 mo old, and yearlings)
were of two genetic growth potentials. Those having
high genetic potential for growth were progeny of
Charolais sires selected for high yearling weight EPD
in the Charolais national cattle evaluation. Contem-
porary steers having moderate genetic potential for
growth were progeny of Line 1 Hereford sires with
average yearling weight ratios. These sires were
mated to multiparous crossbred beef cows with a wide
variation in body size and milk production potential.
Dams ranged from 3 to 11 yr of age. Cows were of
varying proportions of Hereford, Charolais, Taren-
taise, Angus, Red Angus, Simmental, and Shorthorn
breeding. Two sires within each growth potential were
used each year, with different sires used in different
years. Breeding was done by artificial insemination,
and sires were randomly assigned among cows.
Suckling steer calves or their contemporaries with
similar breeding and preweaning management be-
came the subsequent year’s yearling steers. Postwean-
ing management of calves varied as steers were used
to evaluate a variety of postweaning management
schemes (Short et al., 1993, 1996; Grings et al.,
1994).

Intake measurements were made on three occasions
throughout the summer (early June, mid-July, and
mid-September). On d 1 of each intake trial, cattle
were weighed and given a sustained release chromic
oxide bolus (Captec, Nufarm, Auckland, New
Zealand). During the June and July intake trials,

suckling calves received a small sustained release
chromic oxide bolus marketed for use in sheep (Grings
et al., 1993). Cattle were held in corrals overnight
without feed. Calves were separated from their dams
at 1300 until 1900 when they were allowed to suckle
the cow dry and then again separated from their
dams. At 0700, 12-h milk production was estimated
using weigh-suckle-weigh techniques (Knapp and
Black, 1941). Cattle then grazed undisturbed until d 6
of this period.

On d 6, four yearling steers and eight suckling
calves were fitted with fecal bags for a 6-d total
collection of feces to provide a correction factor for
release rate of chromic oxide from the bolus (Adams et
al., 1991). Fecal bags were weighed, feces were
subsampled, and bags were emptied each morning. On
d 7 through d 11, cattle were gathered at 0700 each
morning for collection of a fecal grab sample from the
rectum.

Fecal samples were dried in a forced-air oven at
55°C until dry. Samples from d 7 through 10 were
then composited on an equal dry weight basis.
Samples from d 11 were kept separate and used to
determine whether a bolus had been lost or malfunc-
tioned during the week of sampling. Data on fecal
output from 17% of fecal samples collected from cows,
7% from calves, and 8% from steers were not used due
to extremely low or non-detectable Cr concentrations.
Analysis on fecal samples included DM, ash (AOAC,
1990), and Cr (Williams et al., 1962). On d 14 of the
period, cattle were again weighed, cow-calf pairs were
held in corrals overnight, and milk production was
again estimated using weigh-suckle-weigh. Milk
production from the two estimates was averaged and
multiplied by two to obtain daily milk intake. Fecal
output contributed from milk was subtracted from
total fecal output to obtain fecal output from forage for
calves. Fecal output from milk was estimated from the
assumptions that fluid milk was 12% solids and that
milk solids were 92% digestible (Baker et al., 1976).

Six esophageally cannulated calves and five or six
older cattle were used to evaluate diet quality. Older
cattle were either 5-yr-old or older steers (1989,
1990), yearling steers (1990, 1991), or yearling
heifers (1992). Differences in diet quality have been
observed between calves and older cattle, but not
between yearlings and older steers grazing these
pastures (Grings et al., 1995). Cannulas were re-
moved, and calves and steers were fitted with screen-
bottom bags and allowed to graze for 30 to 45 min in
the morning. In 1989 and 1990, a single collection was
made at the time of fecal collections. In 1991 and
1992, collections were made 4 and 5 d before and 4
and 5 d after fecal collections. Samples were placed
immediately on ice until return to the laboratory,
where they were frozen, dried at 55°C (1989 and
1990) or lyophilized (1991 and 1992), ground, and
analyzed for DM, ash, CP (Hach, 1987), NDF, ADL
(Goering and Van Soest, 1970), ADF (AOAC, 1990),
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Figure 1. Average monthly precipitation at Miles City, MT from January 1989 through September 1992 compared
with a 115-yr average.

and in vitro OM digestibility (Tilley and Terry, 1963).
Forage intake was estimated by dividing the fecal OM
output attributed to forage by the diet indigestibility.

In 1991 and 1992, herbage mass and quality were
determined at the time of the intake studies. During
June and July, herbage mass was estimated using a
multi-probe electronic capacitance meter (Neal et al.,
1976) with 20% of the plots being clipped for
calibration of the meter. September estimations were
conducted by clipping 80 randomly located .25-m2

quadrats. Samples were clipped to the ground, bagged,
dried at 55°C for 48 h, and weighed for determination
of herbage mass on a DM basis. After weighing,
samples were composited by pasture and analyzed for
DM, ash, CP, NDF, ADF, and ADL.

Cows were weighed and condition-scored (scale 1 =
thinnest to 10 = fattest) at the beginning of the study,
before the breeding season, after the breeding season,
and at weaning. Condition scores were estimated by
three persons and averaged. Hip heights were meas-
ured at the beginning of the study.

A principal component analysis (SAS, 1989) was
conducted to reduce the number and colinearity of
variables influencing cow size. Cow weights, condition
scores, and hip heights were subjected to a general
linear models procedure (GLM) to account for joint
effects of year and cow age, with the residuals used in
principal components analysis. The first (size1) and
second (size2) principal component scores that
resulted were used in further analysis.

Intake by suckling calves was analyzed in a model
containing size1, size2, size1 × size2, milk OM intake,
and calf birth date as covariates and sire growth
potential, year, and month of sampling used as three
main factors in the analysis. Intakes by 7-mo-old and
yearling steers were analyzed in a single model that
contained sire growth potential, age class, year, month
of sampling, and all associated interactions. Organic
matter intakes by cows were analyzed in a model that
contained size1, size2, size1 × size2, milk production,
and calf birth date as covariates. Discrete variables in
the model included calf sire growth potential, year,
month of sampling, and all associated interactions.
Nonsignificant interactions were deleted from models
as appropriate. Residual error terms were used to test
model effects (Table 1). Orthogonal polynomials were
used to evaluate month effects. Milk production and
cow and calf forage intakes were averaged throughout
a year and used to evaluate cow efficiency as defined
by the weight of calf weaned per unit of forage OM
intake by the cow-calf pair.

Results and Discussion

Study Environment. Precipitation patterns for the 4
yr during which the study was conducted are
presented in Figure 1. Diet and herbage quality
during the study period are presented in Table 2.



GRINGS ET AL.2320

T
ab

le
1.

A
na

ly
si

s
of

va
ri

an
ce

fo
r

in
ta

ke
an

d
w

ei
gh

t
of

st
ee

rs
si

re
d

by
bu

lls
w

it
h

d
if

fe
re

nt
gr

ow
th

po
te

nt
ia

l
an

d
in

ta
ke

an
d

pr
od

uc
ti

on
ef

fi
ci

en
cy

of
th

ei
r

cr
os

sb
re

d
d

am
s

gr
az

in
g

to
ge

th
er

on
N

or
th

er
n

G
re

at
Pl

ai
ns

ra
ng

el
an

d
s

a E
ff

.
=

co
w

ef
fi

ci
en

cy
,

kg
ca

lf
w

ei
gh

t
ga

in
/k

g
fo

ra
ge

in
ta

ke
by

co
w

an
d

ca
lf

.
b S

iz
e1

an
d

si
ze

2
ar

e
pr

in
ci

pa
l

co
m

po
n

en
t

sc
or

es
fo

r
co

w
si

ze
(s

ee
te

xt
).

c G
.P

.
=

gr
ow

th
po

te
n

ti
al

.
*,

**
,

† S
ig

n
if

ic
an

t
at

th
e

.0
5,

.0
1,

an
d

.1
0

le
ve

ls
,

re
sp

ec
ti

ve
ly

.

C
ow

C
al

f
S

te
er

O
M

in
ta

ke
,

kg
/d

In
it

ia
l

w
ei

gh
t,

kg

W
ea

n
in

g
w

ei
gh

t,
kg

In
it

ia
l

w
ei

gh
t,

kg

F
in

al
w

ei
gh

t,
kg

M
il

k
O

M
in

ta
ke

F
or

ag
e

O
M

in
ta

ke
O

M
in

ta
ke

C
om

po
n

en
t

df
E

ff
.a

kg
/d

g/
kg

B
W

kg
/d

g/
kg

B
W

kg
/d

g/
kg

B
W

M
ea

n
S

qu
ar

e

C
ov

ar
ia

te
s

S
iz

e1
(S

1
)b

1
62

.1
*

15
.2

5
2.

5
50

6.
4

.2
26

**
14

.0
4*

.0
36

2.
83

—
—

—
—

S
iz

e2
(S

2
)b

1
8.

89
.0

6
1,

01
0.

1*
*

43
0.

8
.6

72
**

1.
91

.4
22

†
1.

11
—

—
—

—
S

1
x

S
2

1
14

.3
3

5.
48

83
.0

7.
9

.2
49

*
13

.8
0*

.0
06

4.
65

—
—

—
—

M
il

k
1

68
.7

9*
81

.4
7*

—
34

,4
70

.6
**

—
—

.9
66

**
29

0.
41

**
—

—
—

—
B

ir
th

da
y

1
6.

94
—

1,
66

4.
0*

*
3,

12
3.

4*
*

.2
80

*
52

.6
5*

*
.6

72
*

3.
31

—
—

—
—

M
ai

n
ef

fe
ct

s
S

ir
e

G
.P

.c
1

10
.1

6
20

.0
6

35
6.

9†
3,

45
2.

8*
*

.0
35

21
.8

8*
*

.7
79

*
0.

07
3.

41
†

13
.1

2
14

,5
13

**
26

,4
01

**
Y

ea
r

3
81

.5
4*

*
58

.6
6*

84
9.

0*
*

95
9.

9*
.0

58
3.

66
.8

76
**

14
.1

3*
23

.3
3*

*
57

.7
8*

*
5,

60
5*

9,
84

9*
*

M
on

th
2

81
.4

2*
*

—
—

—
2.

06
8*

*
84

1.
10

**
55

.9
74

**
54

2.
94

**
67

.7
6*

*
20

4.
36

**
—

—
Y

ea
r

×
m

on
th

6
51

.3
1*

*
—

—
—

.0
72

4.
64

†
3.

63
9*

*
95

.4
1*

*
11

.3
6*

*
89

.6
6*

*
—

—
S

ir
e

G
.P

.
×

m
on

th
2

76
.7

0*
*

—
—

—
—

—
—

—
—

—
—

—
S

ir
e

G
.P

.
×

ye
ar

3
—

1.
72

15
0.

7
1,

50
1.

2*
*

—
—

—
—

—
—

—
—

A
ge

1
—

—
—

—
—

—
—

—
85

.8
5*

*
11

9.
78

**
21

1,
80

1*
*

27
1,

10
4*

*
A

ge
×

si
re

G
.P

.
1

—
—

—
—

—
—

—
—

.0
8

30
.0

3†
4,

32
6†

5,
26

0†

A
ge

×
ye

ar
2

—
—

—
—

—
—

—
—

13
.2

3*
*

10
6.

63
**

1,
11

4
1,

08
7

F
or

ag
e

in
ta

ke
—

—
—

82
6.

6
—

—
—

—
—

—
—

—
E

rr
or

df
15

9
65

80
76

22
0

22
0

21
9

21
9

18
5

18
5

63
63

E
rr

or
M

S
14

.6
8

15
.5

9
10

1.
3

35
4.

3
.0

54
2.

56
.1

35
5.

15
1.

08
8.

45
1,

41
6

1,
59

6



GROWTH POTENTIAL, COW SIZE, AND PRODUCTION EFFICIENCY 2321

Figure 2. Relationship among milk production, size1
(principal component score describing cow size), and
OM intake for crossbred beef cows grazing Northern
Great Plains rangeland. The equation for this response
surface is: 8.61967 − 1.244 × (size1) + .0897 × (size1)2 −
.20988 × (milk production) + .035947 × (milk produc-
tion)2 + .214915 × (size1 × milk production).

Lactating Cows. Initial cow weights in this study
ranged from 377 to 793 kg (average 544 kg). Initial
condition scores ranged from 4 to 8 (average 5.4) and
hip height ranged from 118 to 141 cm (average 130
cm). Cows averaged 567 kg at the end of the grazing
season with an average condition score of 5.7. Milk
production averaged 7.4 kg/d with a range in June of
2.8 to 14.6 and a range in September of 1.1 to 10.0 kg/
d.

In the principal components analysis of residuals,
correlations among weights and condition scores
measured over time ranged from .87 to .94 and from
.63 to .76, respectively. Correlations between weights
and condition scores averaged .45, and correlations of
weights and condition scores with hip height averaged
.64 and .04, respectively.

Researchers evaluating the effect of cow size on
production efficiency have used a variety of traits to
describe cow size, including weight, height, and
condition score (Kress et al., 1969; Lindsey et al.
1970; Marshall et al., 1976; Holloway and Butts,
1983). To reduce the number and colinearity of
variables influencing cow size, a principal component
analysis was conducted. This analysis provides a
principal component score that is a linear combination
of traits with the first principal component being that
which provides the greatest discrimination among
individuals. The first principal component in our
analysis (size1) accounted for 61% of the collective
variation in residual weights, condition score, and hip
height and had positive loadings for all weights (.39),
condition scores (.29), and hip height (.24). Thus,
cows having large values for size1 were heavier with
greater condition scores and hip height than cows with
small values for size1. The second principal component
(size2) accounted for 22% of the variation and had
negative loadings for cow weights ( −.21) and hip
height ( −.48) but positive loading for condition score
(.37). Thus, cows having large values for size2 were
lighter in weight and shorter in stature but had
greater condition scores than cows with small values
for size2. In both the first and second principal
components, there was little within-trial variation to
the loadings given to either weights or condition
scores.

Organic matter intake by lactating cows was
affected by the principal component (size1) of cow size
that distinguished tall, heavy cows from short, thin
cows (Table 1). Adams et al. (1987b) also reported
that cows of large body size consumed more total
forage but ate less per unit BW than cows of smaller
body size. Milk production of cows also affected cow
OM intake. Milk production had a much greater effect
on OM intake for cows with a large score for size1
than cows with low or negative scores for size1
(Figure 2).

Cow OM intake throughout the summer varied
quadratically ( P < .01), increasing from June to July

(Table 3). Milk production declined linearly through-
out the same period, indicating that milk production
was not the sole driving force affecting monthly
changes in intake. Pastures grazed during July had
been interseeded with alfalfa and alfalfa averaged
about 11% of the standing crop DM in 1991 and 1992.
Higher intakes have been observed in pastures
containing grass-legume mixtures than grass alone
(Holloway and Butts, 1983). Higher intake of le-
gumes at a given level of digestibility is related to
increased rates of digestion of the legume (Thornton
and Minson, 1973).

Dams of high-growth-potential calves had lower OM
intake in July (10.4 vs 13.2 kg/d) but greater OM
intake (11.7 vs 9.9 kg/d) in September than dams of
moderate-growth-potential calves. These differences
were not reflected in milk production. When averaged
across the entire grazing period, sire growth potential
did not affect cow OM intake.

There were year × month interactions in cow OM
intake (Tables 1 and 3) due to decreased intakes in
June of 1991 and increased intakes in September of
1992. Year differences in OM intake ( P < .01) for
lactating cows were related to increased intakes in
1992 when OM intake averaged 12.6 kg/d compared
with 9.5, 9.9, and 10.2 kg/d in 1989, 1990, and 1991,
respectively. The increased intake in 1992 is not well
explained by diet quality. Herbage mass was 921 kg/
ha in September 1992 and 568 kg/ha in September
1991. Herbage mass was not estimated in other years.



GRINGS ET AL.2322

Table 2. Average diet quality during four years of the
experiment and herbage quality in the last two years

aIVOMD = in vitro OM digestibility.
bCattle were grazing rangeland seeded with Russian wildrye.
cCattle were grazing native rangeland that had been contour furrowed and interseeded with alfalfa.
dCattle were grazing native rangeland.

Month and year CP NDF ADF ADL IVOMDa

Diet quality, % of OM

Juneb

1989 11.1 81.5 50.4 4.7 57.2
1990 14.1 84.7 49.9 7.2 60.1
1991 18.0 67.1 40.5 4.0 68.5
1992 10.5 73.2 42.4 4.8 62.7

Julyc

1989 9.6 80.6 54.6 8.7 49.2
1990 9.4 77.3 48.8 8.2 58.2
1991 15.5 61.2 41.2 5.7 58.8
1992 12.1 64.2 41.3 6.6 59.3

Septemberd

1989 7.3 81.9 57.0 7.2 41.4
1990 7.9 79.8 52.5 7.2 44.7
1991 8.3 79.7 52.8 7.4 48.4
1992 8.2 86.5 56.6 8.5 55.4

Herbage quality, % of OM

Juneb

1991 10.2 63.5 39.2 5.4 —
1992 10.3 64.4 34.9 3.9 —

Julyc

1991 11.2 63.0 37.1 3.5 —
1992 6.9 71.3 42.9 5.1 —

Septemberd

1991 5.9 74.1 47.8 5.8 —
1992 5.0 74.9 45.8 5.2 —

Table 3. Organic matter intake for crossbred beef
cows throughout each summer, adjusted for cow

size, milk production, and day of lactationa,b

aModel R2 = .32.
bSee Table 2 for analysis of variance and levels of significance.
cQuadratic effect of month ( P < .01).

Year June July September

OM intake, kg/d

1989 8.7 10.0 9.7
1990 7.9 12.1 9.9
1991 6.2 13.6 10.9
1992 13.5 11.4 12.8
Averagec 9.1 11.8 10.8

Herbage mass could potentially limit intake at these
levels of DM production (Scarnecchia et al., 1985).

Cow efficiency (grams of calf BW gain/kilogram of
forage OM intake by cow-calf pair) ranged from 77 in
1992, when high OM intake for both cows and calves
resulted in a reduced efficiency, to 106 in 1989, when
increased calf gain throughout the summer resulted in
an improvement in efficiency (Table 4). Calf growth
potential was not a significant factor affecting cow
efficiency (Table 1) because high-growth-potential
calves increased forage intake to meet their increased
nutritional demands for growth.

The two principal components describing cow size
were not significant covariates in the model describing
cow efficiency. Holloway and Butts (1983) reported a
size × nutritional environment interaction for cow
efficiency. In their study, cows that were either
structurally smaller or had small amounts of fatness
were the most efficient when grazing fescue pastures;
however, size was not a factor in efficiency when cows
grazed fescue-legume pastures.

Milk production was a significant adjustment factor
for cow efficiency ( P < .05), and greater milk
production was associated with greater efficiency. This
agrees with the results of Marshall et al. (1976), who
reported that cow size and condition had little effect

on efficiency, whereas milk production had positive
effects. These researchers found that larger cows
produced enough increased calf weight to balance
their greater nutritional demands under drylot and
improved pasture conditions. Fredeen et al. (1981),
however, reported that whereas milk production
increased calf weaning weight per cow exposed at
breeding under semi-intensive management condi-
tions, under extensive range conditions reproductive
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Table 5. Least squares means of intake and weight of
steers sired by bulls of two growth potentialsa

aSee Table 2 for analysis of variance.
bSuckling calf intakes and weights are adjusted for cow size and day of birth.
*, **, †Means differ due to sire growth potential, P < .05, P < .01, and P < .10, respectively.

Sire growth potential

Age High Moderate SEM

Forage OM intake, kg/d

Suckling calfb 1.2* 1.1 .02
7-mo-old 4.5 4.2 .11
Yearling 5.8 5.5 .10

Forage OM intake, g/kg BW

Suckling calf 6.9 6.8 .14
7-mo-old 16.1 15.8 .30
Yearling 13.8 15.0 .29

Milk OM intake, kg/d

Suckling calf .86 .89 .02

Milk OM intake, g/kg BW

Suckling calf 6.3* 6.9 .10

Initial weight, kg

Suckling calf 74† 70 1.0
7-mo-old 226 213 4.7
Yearling 351** 307 3.8

Final weight, kg

Suckling calf 2.0
1989 231 224
1990 210 215
1991 240** 213
1992 235** 206

7-mo-old 308 289 5.0
Yearling 450 395 4.0

Table 4. Efficiency of production (g calf BW gain/kg
forage OM intake by cow-calf pair) of weaned calf

from rangeland with steer calves sired by
bulls of two growth potentialsa,b

aModel R2 = .23.
bSee Table 2 for analysis of variance and levels of significance.

Sire growth potential

Year High Moderate

1989 111 101
1990 94 84
1991 98 96
1992 81 73
Average 96 87

efficiency was reduced. In previous research at this
location (Adams et al., 1993), cows with high milk
production did lose body weight during and after the
breeding season but cows with low milk production
maintained body weight; there was no difference in
fall pregnancy rates among cows of different milk
production potentials.

Suckling Calves. Suckling calves sired by high-
growth-potential bulls gained more weight and were

heavier at weaning (Tables 1 and 5) than those sired
by moderate-growth-potential bulls during 1991 and
1992 but not 1989 or 1990. Differences among years
may be due to the use of different bulls each year or to
differences in diet quality among years (Table 2).
Differences due to sire breed reflects not only breed
differences between Hereford and Charolais-sired
calves (Smith et al., 1976), but also the specific
selection of high- and moderate-growth-potential sires
from within these breeds. Weight differences due to
growth potential could be slightly greater than in
other reports because only male calves were used in
this study (Smith et al., 1976; Nelson et al., 1982).
When calf weight gains were analyzed separately for
the first and second half of the grazing season, ADG
averaged .99 kg/d for both periods. However, differ-
ences between growth potential groups were observed
only in the first half of the season. From the start of
the grazing period to the July intake trial, high-
growth-potential calves gained .08 kg/d more ( P < .05)
than moderate-growth-potential calves. Decreased
milk production, accompanied by declining diet qual-
ity, could account for the lack of difference between
growth potential groups late in the season.
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Table 6. Least squares means of milk and forage OM intake of suckling calves
sired by bulls of two growth potentials adjusted for cow size and date of birtha,b

aModel R2: Milk, kg/d, .37; milk, g/kg BW, .78; forage, kg/d .88; forage, g/kg BW, .70.
bSee Table 2 for analysis of variance and levels of significance.
cLinear effect of month, P < .01; quadratic effect of month, P < .01.

Year June July September Average

Milk OM intake, kg/d

1989 1.08 .84 .69 .87
1990 1.07 .96 .63 .88
1991 .94 .88 .69 .84
1992 1.03 .94 .77 .91
Averagec 1.03 .91 .70 —

Milk OM intake, g/kg BW

1989 10.1 5.6 3.2 6.3
1990 11.0 6.4 3.1 6.9
1991 9.5 6.6 3.2 6.5
1992 9.8 6.7 3.7 6.8
Averagec 10.1 6.3 3.3 —

Forage OM intake, kg/d

1989 .39 .92 2.02 1.11
1990 .33 1.12 1.78 1.07
1991 .46 .67 2.37 1.47
1992 .40 .58 3.07 1.35
Averagec .39 .82 2.31 —

Forage OM intake, g/kg BW

1989 3.9 6.3 8.3 6.2
1990 3.7 8.0 8.3 6.7
1991 5.1 5.3 10.8 7.1
1992 4.2 4.3 13.9 7.4
Averagec 4.2 6.0 10.3 —

Milk OM intake was a significant adjustment factor
for calf weaning weights (Table 1), which is consis-
tent with reports that weaning weight is positively
related to milk production of the cow (Neville, 1962;
Rutledge et al., 1971; Clutter and Nielson, 1987),
including work at this location (Adams et al., 1993).
Cow size was not a significant covariate in the model
describing calf weaning weight in our study. Nelson et
al. (1982) reported that although dam weight and
weight change affected weight and ADG of calves sired
by Angus or Charolais bulls, effects were minimal and
did not alter the degree of difference due to sire breed.
Holloway and Butts (1983) reported that weaning
weight was related to the structural size and milk
production of the cow when grazing fescue pastures,
but not when grazing fescue-legume pastures.

Forage, but not milk, OM intake (kilograms/day)
by suckling calves was influenced by sire growth
potential (Tables 1 and 5). When forage intake was
expressed per unit of BW, there was no effect ( P >
.10) of sire growth potential, indicating that the
increased forage intake by high-growth-potential
calves was related to increased BW. Milk OM intake
was greater on a BW basis for moderate-growth-
potential calves than for high-growth-potential calves.
Dam milk production was not affected by calf sire
genotype, so the smaller, moderate-growth-potential
calves were provided more milk on a BW basis.

Increases in calf weaning weight associated with sire
growth potential were related to the increased forage
OM intake exhibited by the high-growth-potential
calves. The ability of suckling calves to increase forage
intake to meet nutrient demands is reportedly depen-
dent on forage quality (Holloway et al., 1982).
However, in the present study there were no sire
growth potential × month interactions (deleted from
final model due to lack of significance) for forage OM
intake, indicating that forage quality did not limit OM
intake of high-growth-potential calves.

Milk and forage OM intake were affected ( P < .01)
by month of sampling (Tables 1 and 6) as was total
OM intake (data not shown). Variation among
months was expected due to increasing age of calf.
Forage and total OM intake were affected by year, and
there were year × month interactions. Year differences
were due to increased intake in 1992. The increased
average intakes for 1992 were due to greater intakes
during the September period. This was similar to the
response observed for lactating cows. Total OM intake
for suckling calves averaged 2.0, 2.0, 2.0, and 2.3 kg/d
for 1989 through 1992. Calf forage OM intake was
lower than that reported by Bailey and Lawson
(1981), who estimated the DM intake of Angus calves
grazing shortgrass range in Alberta increased from .5
kg/d at 44-d of age to 5.5 kg/d at weaning (175 kg).
Boggs et al. (1980) reported that forage DM intake
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Table 7. Least squares means of intake of steers of two ages, 7 months old
(7 mo) or yearling (Yrlg), during the summer grazing perioda,b

aModel R2: kg/d, .67; g/kg BW, .50.
bSee Table 2 for analysis of variance and levels of significance.
cLinear effect of month, P < .01.

June July September

Year 7 mo Yrlg 7 mo Yrlg 7 mo Yrlg

Forage OM intake, kg/d

1990 2.9 3.8 5.45 6.2 5.7 5.4
1991 3.0 4.4 3.8 5.14 4.5 5.73
1992 3.7 5.6 4.0 6.1 5.8 8.65
Averagec 3.2 4.68 4.34 5.89 5.43 6.54

Forage OM intake, g/kg BW

1990 12.0 10.70 19.9 15.90 19.76 13.4
1991 14.01 12.9 15.6 13.32 15.8 13.41
1992 14.1 15.37 14.1 15.3 18.2 19.26
Averagec 13.4 13.04 16.1 14.81 17.9 15.20

increased from .44 to 3.52 kg/d (.6 to 2.2% of BW) for
Hereford calves between May and September.
However, milk intake was greater in our study than in
the former two. Suckling calves tend to compensate for
decreased milk intake by increasing forage intake
(Baker et al., 1976; Ansotegui et al., 1991).

Fall- and Spring-Born Steers. Weights of both
7-mo-old and yearling steers differed by sire growth
potential (Tables 1 and 5). Average daily gain for
7-mo-old steers was .59 kg/d, compared with .86 kg/d
for yearlings. The ADG for 7-mo-old steers is similar
to the .61 kg/d reported for this age class of steers
grazing similar rangelands (Grings et al., 1994). In
previous studies with yearling steers, summer weight
gains have ranged from .3 to .8 kg/d (Heitschmidt et
al., 1993; Grings et al., 1994). The lower gain of
7-mo-old steers than of yearlings could be related to
diet quality, because dietary protein concentrations
were often below those required for maximum growth
of animals of this age (NRC, 1984). Previous research
at this location has shown that fall-born steers
respond more consistently to protein supplementation
during the summer grazing period than do yearling
steers (Grings et al., 1994).

High-growth-potential steers tended ( P = .07) to
increase OM intake compared to moderate growth
potential steers when expressed as kilograms/day but
not when expressed as grams/kilogram BW (Tables 1
and 5). Overall, 7-mo-old steers ate less ( P < .01)
forage (4.3 kg/d) than yearlings (5.6 kg/d) when
expressed as kilograms/day but more ( P < .01) when
expressed as grams/kilogram BW (7-mo-old, 15.9 vs
yearling, 14.4 g/kg BW). Although this is similar to
previous reports at this location (Grings et al., 1994)
with British-cross cattle, it differs from the results of
Coleman and Evans (1986), who found that spring-
born steers (yearlings) consumed more per unit
metabolic body size than did younger, fall-born steers
when fed a growing ration in the drylot. Differences

among studies could be related to diet quality or
growth potential. There was a tendency ( P < .10) for a
sire growth potential × age class interaction for forage
intake when expressed on a BW basis. Whereas
moderate-growth-potential steers tended to consume
similar amounts of OM per unit of BW regardless of
age, high-growth-potential yearling steers tended to
consume less OM per unit BW than 7-mo-old high-
growth-potential steers.

Forage OM intake by steers increased linearly ( P <
.05) throughout the growing season (Table 7). This
increase in forage OM intake was not related solely to
increases in BW, because OM intake expressed as
grams/kilogram BW also increased linearly ( P <.05)
throughout the growing season. Changes in gut fill
may allow for changes in intake as forage quality
declines (Funk et al., 1987). We have observed varied
changes in intake throughout the growing season at
this location. Adams et al. (1987a) and Ward et al.
(1990) observed no change in intake throughout the
growing season when steers grazed native range
pastures. More recently, we observed increases in
intake between early and late growing season (Grings
et al., 1994); however, intake as a proportion of BW
during June (Table 7) was less than the 19 to 20 g/kg
BW reported for steers on native rangeland by Adams
et al. (1987a) and Ward et al. (1990).

Implications

Growth potential of calf sire did not influence
efficiency of production to weaning, even though
weaning weight was greater for the high-growth-
potential calves in some years. High-growth-potential
calves consumed more forage to meet the nutritional
demands for extra growth. Calf sire growth potential
did not affect milk production or cow intake, so there
were no extra nutritional demands placed on the cow
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rearing a high-growth-potential calf. Cow size did
influence forage intake of cows but not efficiency of
production. Efficiency of production did increase with
increasing milk production. Sire growth potential did
not influence growth rate of older steers during the
summer grazing season. Suckling calves were able to
express genetic differences for growth during the early
part of the summer grazing season, whereas older
steers were not.

Literature Cited

Adams, D. C., R. C. Cochran, and P. O. Currie. 1987a. Forage
maturity effects on rumen fermentation, fluid flow, and intake
in grazing steers. J. Range Manage. 40:404.

Adams, D. C., R. E. Short, M. M. Borman, and M. D. MacNeil. 1991.
Estimation of fecal output with an intra-ruminal continuous
release marker device. J. Range Manage. 44:204.

Adams, D. C., R. E. Short, and B. W. Knapp. 1987b. Body size and
body condition effects on performance and behavior of grazing
beef cows. Nutr. Rep. Int. 35:269.

Adams, D. C., R. B. Staigmiller, B. W. Knapp, and J. B. Lamb. 1993.
Native or seeded rangeland for cows with high or low milk
production. J. Range Manage. 46:474.

Ansotegui, R. P., K. M. Havstad, J. D. Wallace, and D. M. Hallford.
1991. Effects of milk intake on forage intake and performance
of suckling range calves. J. Anim. Sci. 69:899.

AOAC. 1990. Official Methods of Analysis (15th Ed.). Association of
Official Analytical Chemists, Arlington, VA.

Bailey, C. B., and J. E. Lawson. 1981. Estimated water and forage
intakes in nursing range calves. Can. J. Anim. Sci. 61:415.

Baker, R. D., Y.L.P. LeDu, and J. M. Barker. 1976. Milk fed calves.
I. The effect of milk intake upon the herbage intake and
performance of grazing calves. J. Agric. Sci. 87:187.

Boggs, D. L., E. F. Smith, R. R. Schalles, B. E. Brent, L. R. Corah,
and R. J. Pruitt. 1980. Effects of milk and forage intake on calf
performance. J. Anim. Sci. 51:550.

Clutter, A. C., and M. K. Nielsen. 1987. Effect of level of beef cow
milk production on pre- and postweaning calf growth. J. Anim.
Sci. 64:1313.

Coleman, S. W., and B. C. Evans. 1986. Effect of nutrition, age, and
size on compensatory growth of two breeds of steers. J. Anim.
Sci. 63:1968.

Fredeen, H. T., G. M. Weiss, J. E. Lawson, J. A. Newman, and G. W.
Rahnefeld. 1981. Lifetime reproductive efficiency of first-cross
beef cows under contrasting environments. Can. J. Anim. Sci.
61:539.

Funk, M. A., M. L. Galyean, M. E. Branine, and L. J. Krysl. 1987.
Steers grazing blue grama rangeland throughout the growing
season. I. Dietary composition, intake, digesta kinetics and
ruminal fermentation. J. Anim. Sci. 65:1342.

Goering, H. K., and P. J. Van Soest. 1970. Forage fiber analysis
(apparatus, reagents, procedures, and some applications).
Agric. Handbook. No. 379. ARS, USDA, Washington, DC.

Goetsch, A. L., G. E. Murphy, E. W. Grant, L. A. Forster, Jr., D. L.
Galloway, Sr., C. P. West, and Z. B. Johnson. 1991. Effects of
animal and supplement characteristics on average daily gain of
grazing beef cattle. J. Anim. Sci. 69:433.

Grings, E. E., D. C. Adams, and R. E. Short. 1994. Protein sup-
plementation of stocker cattle in the Northern Great Plains. J.
Range Manage. 47:303.

Grings, E. E., D. C. Adams, and R. E. Short. 1995. Diet quality of
suckling calves and mature steers on Northern Great Plains
rangelands. J. Range Manage. 48:438.

Grings, E. E., R. E. Short, and D. C. Adams. 1993. Use of chromic
oxide bolus to determine fecal output in suckling calves. J.
Anim. Sci. 71(Suppl. 1):285 (Abstr.).

Grings, E. E., R. E. Short, and D. C. Adams. 1994. Effect of protein
supplementation and sire breed on performance of steers graz-
ing irrigated pastures in the fall. J. Anim. Sci. 72(Suppl. 1):222
(Abstr.).

Hach. 1987. Feed Analysis Manual. Hach Co., Ames, IA.
Heitschmidt, R. K., J. D. Volesky, M. R. Haferkamp, and P. O.

Currie. 1993. Steer performance on native and modified North-
ern Great Plains rangeland. J. Range Manage. 46:529.

Holloway, J. W., and W. T. Butts, Jr. 1983. Phenotype × nutritional
environment interactions in forage intake and efficiency of
Angus cows grazing fescue-legume or fescue pastures. J. Anim.
Sci. 56:960.

Holloway, J. W., W. T. Butts, Jr., and T. L. Worley. 1982. Utilization
of forage and milk energy by Angus calves grazing fescue or
fescue-legume pastures. J. Anim. Sci. 55:1214.

Knapp, B., and W. H. Black. 1941. Factors influencing rate of gain
in beef calves during the suckling period. J. Agric. Res. 63:249.

Kress, D. D., D. E. Doornbos, and D. C. Anderson. 1990. Perfor-
mance of crosses among Hereford, Angus and Simmental cattle
with different levels of Simmental breeding: V. Calf production,
milk production and reproduction of three- to eight-year-old
dams. J. Anim. Sci. 68:1910.

Kress, D. D., E. R. Hauser, and A. B. Chapman. 1969. Efficiency of
production and cow size in beef cattle. J. Anim. Sci. 29:373.

Lindsey, T. L., G. R. Wilson, V. R. Cahill, and L. A. Swiger. 1970.
Measurements related to cow productivity. J. Anim. Sci. 31:175.
(Abstr.).

Marshall, D. A., W. R. Parker, and C. A. Dinkel. 1976. Factors
affecting efficiency to weaning in Angus, Charolais and recipro-
cal cross cows. J. Anim. Sci. 43:1176.

Neal, D. L., P. O. Currie, and M. J. Morris. 1976. Sampling herba-
ceous native vegetation with an electronic capacitance instru-
ment. J. Range Manage. 29:74.

Nelson, L. A., G. D. Beavers, and T. S. Stewart. 1982. Beef × beef
and dairy × beef females mated to Angus and Charolais sires.
II. Calf growth, weaning rate and cow productivity. J. Anim.
Sci. 54:1150.

Neville, W. E., Jr. 1962. Influence of dam’s milk production and
other factors on 120- and 240-day weight of Hereford calves. J.
Anim. Sci. 21:315.

NRC. 1984. Nutrient Requirements of Beef Cattle (6th Rev. Ed.).
National Academy Press, Washington, DC.

Rutledge, J. J., O. W. Robison, W. T. Ahlschwede, and J. E. Legates.
1971. Milk yield and its influence on 205-day weight of beef
calves. J. Anim. Sci. 33:563.

SAS. 1989. SAS User’s Guide: Basics. SAS Inst. Inc., Cary, NC.
Scarnecchia, D. L., A. S. Nastis, and J. C. Malechek. 1985. Effects of

forage availability on grazing behavior of heifers. J. Range
Manage. 38:177.

Short, R. E., E. E. Grings, J. H. Killen, G. L. Bennett, and R. K.
Heitschmidt. 1993. Effects of genotype and management sys-
tem on postweaning production efficiency and composition of
beef. Proc. VII World Congr. Anim. Prod. 362 (Abstr.).

Short, R. E., E. E. Grings, M. D. MacNeil, R. K. Heitschmidt, M. R.
Haferkamp, and D. C. Adams. 1996. Effects of time of weaning,
supplement, and sire breed of calf during the fall grazing period
on cow and calf performance. J. Anim. Sci. 74:1701.

Smith, G. M., D. B. Laster, and K. E. Gregory. 1976. Characteriza-
tion of biological types of cattle I. Dystocia and preweaning
growth. J. Anim. Sci. 43:27.

Thornton, R. F., and D. J. Minson. 1973. The relationship between
apparent retention time in the rumen, voluntary intake, and
apparent digestibility of legume and grass diets in sheep. Aust.
J. Agric. Res. 24:889.

Tilley, J.M.A., and R. A. Terry. 1963. A two-stage technique for the
in vitro digestion of forage crops. J. Br. Grassl. Soc. 18:104.

Ward, M. G., D. C. Adams, J. D. Wallace, M. L. Galyean, and B. W.
Knapp. 1990. Supplementation and monensin effects on digesta
kinetics. I. Cattle grazing summer range. J. Range Manage. 43:
378.

Williams, C. H., D. J. David, and O. Iismaa. 1962. The determina-
tion of chromic oxide in faeces samples by atomic absorption
spectrophotometry. J. Agric. Sci. 59:381.


